This paper presents results derived from analysis of new spectroscopic and photometric observations of the chromospherically active binary system CF Tuc. New high-resolution spectra, taken at the Mt. John University Observatory in 2007, were analyzed using two methods: cross-correlation and Fourier-based disentangling. As a result, new radial velocity curves of both components were obtained. The resulting orbital elements of CF Tuc are: a 1 sini=0.0254 ± 0.0001 AU, a 2 sini=0.0228 ± 0.0001 AU, M 1 sini=0.902 ± 0.005 
R 1 =1.67 R ⊙ , R 2 =3.32 R ⊙ , T 1 =5980 K and T 2 =4210 K (Collier et al. (1981) ; Coates et al. (1983) ). (iv) The orbital period is 2.797672 days, however it is changing (Thompson et al. (1991) ; Anders et al. (1999) ; Innis et al. (2003) , Innis et al. (2007a) ). (v) Orbital inclination is close to 70
• , therefore eclipses are partial (e.g. Budding and Zeilik (1995) ; Anders et al. (1999) ). (vi) The projected rotational velocities of the components are around 25 -30 km/s for the primary, 52 -75 km/s for the secondary (e.g. Coates et al. (2000) ). (vii) The spectra of the system give relatively high Li abundance (Randich et al. (1993) ).
(viii) The system shows strong CaII H and K emission (e.g. Hearnshaw and Oliver (1977) ). The Hα line appears as nearly totally filled-in absorption (Collier et al. (1982) ). (ix) The system is also a known radio and X-ray source (Budding et al. (2002) ; Pravdo et al. (1996) ). Some large flare events were reported (e.g. Kürster and Schmitt (1996) ). Other references can be found in the CAB catalogue.
Particular aims of the present study are: (i) to investigate the orbital period changes of CF Tuc with updated data, and (ii) to derive more accurate absolute parameters of the system using our new, high resolution spectroscopic data.
SPECTROSCOPIC OBSERVATIONS
The spectroscopic observations of CF Tuc were made at Mt John University Observatory Spectrograph) spectrograph were used. The spectrograph has 100échelle orders, which cover wavelength range between 380 nm and 900 nm, and is located in a vacuum tank on stable ground in a thermally isolated room and attached to the telescope by fibre cables. There are two different resolving powers: R=41000 and R=70000. In the observations the former was used as being better adjusted to the mean seeing value (θ ∼ 3.5 ′′ ) at MJUO given by Hearnshaw et al. (2002) . 24 spectra were obtained over 10 nights between September and October 2007. The journal of observations is shown in Table 1 . The exposure time was chosen between 1100 and 1800 seconds, depending on the weather conditions. During the observations, comparison spectra of a thorium-argon arc lamp were taken before and after each stellar image. A set of white lamp images was also taken as flat field images. Two IAU radial velocity standard stars (HD 36079 and HD 693) were observed. The bright, non-active and slowly rotating standard star HD 36079 (G5II, V r =-13.6 km/s) was chosen for the RV measurements of the components of CF Tuc. Hercules Reduction Software Package (HRSP, ver. 3: Skuljan and Wright 2007) was used for reductions of all observations. This procedure takes into account other sources of apparent motion (such as the Earth's rotations and orbital revolution), wavelength calibration, removal of spurious pixels (such as those struck by cosmic rays), correction for the inherent pixel-to-pixel response variation (flat-fielding), continuum normalization, etc., and produces a target spectrum (wavelength versus flux) as the result.
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RADIAL VELOCITIES AND THE ORBITAL SOLUTION
Measurements of radial velocities were done by two methods: The cross-correlation technique (CCT) and the Fourier disentangling technique (KOREL). CCT was used as the first step to estimate the orbital parameters, as KOREL may not produce a unique solution in some complex cases. In this study, the real orbit improvement comes from usage of KOREL and the number of spectral orders is not so relevant to accuracy. In general, if all the spectral orders were of the same quality, the precision of a measurement would increase with the square root of the number of orders. If the best spectral orders are chosen, others will produce systematic errors, and improvement will not be scaled as the square root of the number of orders. The main issue is the role of noise and better line resolution and identification in the selected orders. In the case of CF Tuc, since CF Tuc is rather faint for the used observational instruments and its components are close to G0 V/IV + K4 V/IV, the observed spectra of the system include too many blended metallic absorption lines. It is very difficult to identify real/true lines and to resolve them into two components. All spectral regions were examined, and, as a result, four spectral orders were selected, for which the lines of both components could be clearly detected, and therefore suitable for disentangling. The information about these four spectral orders is given in Table 2 .
For the CCT, the FXCOR task in the radial velocity package of IRAF (Tonry and Davis (1979); Popper and Jeong (1994) ) was used. FXCOR calculates the velocity Doppler shift between two spectra (of the variable and comparison stars) by fitting the correlation with a user-selected function. In the present study, the Gaussian function was adopted as the best-fitting one. The spectra of HD 36079 were used as a template for deriving RVs of the components. In order to obtain orbital parameters from the radial velocity data derived from the CCT, the ELEMDR77 program, developed by T. Pribulla (2008, private communication), was used. For the Fourier disentangling technique, the KOREL code (developed by Hadrava (1995) , Hadrava (1997) ) was used. In the first step with this procedure, KOREL requires input parameters within realistic bounds. The initial values of parameters were taken from the solution of RV curves obtained with the CCT method. Four spectral orders, given in Table   2 , were analyzed simultaneously. After several iterations, the KOREL code gave a value close to 0 for the eccentricity e within its uncertainties. For this reason, we assumed a circular orbit for the system. Additionally, during the fitting, the orbital period P orb of the system was fixed to be 2.7975004 days (see Section 5). The velocity amplitudes K 1 and K 2 of the components and the conjunction time T 0 were the adjusted parameters. The best fitting orbital elements are given in Table 3 , and the best fits to the composite spectra and disentangled spectra are shown in Fig. 1 for the echelle order 88 as a sample.
The KOREL code can not derive the systemic velocity of the binary star, however, KO-REL retains the systemic velocity in the disentangled spectra of the components. Therefore, the systemic velocity V γ was adopted by averaging systemic velocities obtained from the CCT method and the ELEMDR77 program. The adopted systemic velocity was added to the RVs measured by KOREL to yield the final RVs of the components, which are given in 
1.008±0.006 Table 4 . RV measurements, with O-C values from theoretical fit, of components of CF Tuc. represent the residuals between observed and theoretical RVs obtained from simultaneous solution of the BV light and RV curves, described in Section 5.
ROTATIONAL VELOCITIES
The program PROF (Budding and Zeilik (1995) ), which follows an ILOT type curve-fitting procedure, was used to determine rotational velocities. PROF convolves Gaussian and rotational broadenings, as discussed by Budding and Zeilik (1995) , and computes the line profile as a function, basically, of the following parameters: the continuum intensity I c , the relative depth I d at mean wavelength λ m , the rotational broadening parameter r, Gaussian broadening parameter s of a given line, and the limb darkening coefficient u. A similar procedure was followed by Olah et al. (1992) , Olah et al. (1998) and Budding et al. (2009) .
We considered the Na D2 line profiles for CF Tuc in the Hercules spectral order 97 and fitted the selected line profiles at various orbital phases using PROF. Typical results of the profile fitting at phases of 0.371 and 0.826 are shown in Fig. 2 and given in Table 5 .
According to the value of r (the rotational broadening parameter) in Table 5 , the projected rotational velocities of the primary and secondary components are 26±3 and 60±5 kms −1 , respectively. Using absolute parameters of components from matter using Hα lines for HR 7428. The HR 7428 star is an RS CVn-type binary, composed of a bright K giant and an A-type Main Sequence dwarf. It is a well detached system like our target star, CF Tuc. In this model, the projected distance of the emitting region can be found from a er =a c (K er /K c ), where a c is the semi-major axis of the cooler star orbit, and K c and K er are the semi-amplitudes of the RV variations for the cooler star and emitting region, respectively. Since our orbital solution gives K c =89 kms −1 and a c =3.6×10 6 km, we find a er =8.2×10 7 km -in other words, the Hα emitting region should be located at a distance of about 2 R c from the surface of the cooler component. We estimate almost the same value for the location of the emitting region using v er,rot sini=2πa er sini/P rot (with the assumption of synchronous rotation).
The simultaneous photometric and spectroscopic observations of CF Tuc offer the possibility of studying the photospheric (spots) and chromospheric (plages and/or prominences)
active regions of the cooler component. With this aim, we measured the equivalent widths (EW s) of emission features observed in the Hα and CaII K spectra by means of multiple Gaussian fits, and plotted them versus orbital phase in Fig. 7 . In Section 6, we present a large cool photospheric spot on the cooler component to explain observed BV light curve asymmetries. To concentrate on effects due to the spot only, we subtracted the eclipse and proximity effects from the observed data using the unspotted (immaculate) light curve pa- Table 6 . rameters given in Table 6 and plotted these points (which show the maculation/distortion wave) versus the orbital phase in the upper panels of Fig. 7 .
The maximum EW Hα value of about 1Å is reached at phases 0.6 -0.7, where the spot effect is dominant (BV distortion of lights minima); the minimum value of EW Hα ∼ =0. Strassmeier et al. (1999) to examine the quality of long-term multicolour photometric data of several active stars. The observational data were not transformed into the standard BV system. It is worth noting that our spectroscopic observations and their photometric observations were made almost simultaneously. In order to calculate the phases of the CCD BV light observations of CF Tuc, the light elements of the system were derived by using the photoelectric primary minima times with E >2000 cycles (see Fig. 9b ) as;
with the weighted least squares method. In the light curves which were formed using these phases, the primary minimum coincides with the phase 0.0 (see upper panel of Fig. 8 ).
In the WD method, some parameters could be fixed according to theoretical models. In the light curve modelling, the temperature of the primary component was fixed at 6100 K, following Anders et al.(1999) and Budding and McLaughlin (1987) . The root square limb darkening law was adopted, and the darkening coefficients were taken from Diaz-Cordoves et al.
(1995) and Claret et al. (1995) The bolometric gravity-darkening coefficients of the components were set to 0.32 for convective envelopes, following Lucy (1967) ; also, the bolometric albedos were fixed to 0.5 for convective envelopes, following Rucinski (1969) . According to analysis of the rotational velocities (see Section 4), the components rotate synchronously.
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The adjusted parameters in our computations are: the semi-major axis of orbit (a), phase shift, systemic velocity of the binary (V γ ), orbital inclination (i), surface temperature of the secondary component (T 2 ), non-dimensional surface potentials of both components (Ω 1 and Ω 2 ), and the fractional monochromatic luminosity of the primary component (l 1 /(l 1 +l 2 )).
The initial values of q, A and V γ were taken from the radial velocity solution (see Section 3).
Due to the probability of the existence of a third body, resulting from the orbital period analysis of the system (see Section 7), a third light contribution (l 3 ) was also considered as a free parameter. However, we soon found its contribution to be negligible. The binary CF Tuc, as mentioned above, is a typical RS CVn type eclipsing binary and its light curves show distortion wave like other systems in this group. In the BV light curves, the distortion wave appears to be an asymmetry between the light levels of the maxima (see Fig. 8a ). Therefore, we had to consider a cool spot on the secondary and allowed the spot parameters to be adjusted.
In order to get good starting parameters for the WD code, mean points were calculated from all individual observations. This provided standard deviations for B and V filters; the highest values were 15 mmag (the clump near phase 0.9) in B, and 11 mmag (near phase 0.1) in V . These mean points (69 in B, 64 in V ) were used with a Monte Carlo search to find a fit to the BV light curves with a mass ratio fixed at the value derived spectroscopically (see Table 3 ). The resulting parameters were next set as starting values for simultaneous solution of the BV light and RV curves. Simultaneous BV light and RV curves solution was done for all individual points, assigning the same weight and different errors for the B and V filters as resulted from the calculation of mean points. Errors for the RV curves were assigned the same as their quality was comparable. The NOISE control parameter was set to 1.
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Simultaneous convergent solutions of the BV light and RV curves were obtained by iterations, until the corrections of the parameters became smaller than their corresponding errors. The results of the final solution are given in Table 6 . The comparison between observed and computed light curves is shown in Fig. 8a , while that of RV curves is presented in Fig. 6 . The three-dimensional model demonstrating the presence of a large dark spot on the surface of the cooler component and the Roche geometry of the system (making use of the Binary Maker program, ver.3.0, Bradstreet and Steelman (2002) ) are also shown in Fig. 8b ,c.
We made additional attempts to check the stability of our solution. This was done by assigning larger errors for the photometric light curves (especially for the B light curve).
Additionally, only RV curves (adjusting only the parameters relevant to the orbit) were solved using the WD code. It was found that the simultaneous solution of BV and RV curves resulted in the mass ratio q=1.115±0.003, while only the RV solution gave q=1.113±0.004.
Also, the solutions with assigned larger errors for B data gave (within uncertainties) a similar value of the mass ratio.
The Hipparcos light curve of CF Tuc is available from the Hipparcos web page and contains 121 points with an average observational error of 11 mmag. Before starting analysis,
Hipparcos observations of the system were transformed to Johnson V magnitudes using Hp − V = 0.22×(B − V ) calibration given by Rucinski and Duerbeck (1997) .
The following ephemeris was used to phase the Hipparcos photometric data:
The data was weighted by using the equation
, where σ i is the individual standard error of the data given in the Hipparcos catalogue. About ten photometric points were discarded due to their relatively large errors. We used the mean maxima levels at phase 0.25 for the flux normalization of both the Hipparcos and 2007 BV filters data.
During the iterations, only spot parameters, phase shift, and luminosity of the primary component were treated as free parameters; others were adopted from the simultaneous solution of BV and radial velocity curves. As can be seen in Fig. 8a , the Hipparcos light curve shows two large asymmetries, one at about phase 0.70 and another at the primary minimum. Therefore, the possibility of two dark spots on the secondary component was considered. The final results are given in Table 6 and displayed in Fig. 8a,b .
In order to investigate the orbital period variation of the system, we gathered 33 minima times available from the lists compiled by Kreiner, J. M. (2008, private communication) and Anders et al. (1999) and we added one minimum time, which was calculated from the 2007 BV light curves observed by Innis et al. (2008, private communication) . As a first step, O−C values were calculated using the following light elements, given by Anders et al. (1999) :
The O − C values versus E values (and years) were found and the results are shown in the upper panel of Fig. 9a ,b. Thompson et al. (1991) first noted that the orbital period of the system changes in the form of an upward parabola and tried to explain this variation in terms of a mass transfer or a mass loss from the system. Anders et al. (1999) showed that the orbital period change has a cyclic character and discussed the O − C diagram, the spot-wave amplitude and the mean light change of the system as being due to the Applegate mechanism. Innis et al. (2003) and Innis et al. (2007a) reported that the orbital period of the system did not show any change between 1995 and 2006. Therefore, we could say that the real nature of the period variation shows up as the data increases by time.
In the present O − C analysis, due to a large scatter, one spectroscopic time of minimum obtained by Hearnshaw and Oliver (1977) was discarded and altogether 33 photometric data were used. The standard errors of observed minima times, as given by authors, are shown as error bars in Fig. 9a ,b. The weights were assigned according to these errors. As the standard errors are given in 4, 3 and 2 decimal places, we used 10, 7 and 5 for weights, respectively.
The observed long-term period decrease of CF Tuc from these O − C diagrams could thus be explained as follows: Fig. 9a was considered in terms of abrupt period changes. Period jumps might have occurred two times within an interval of about 30 years. Considering that the period has remained constant between these two jumps, we calculated following three linear ephemerides. The first ephemeris valid for E 776 is:
for 885 E 1835 we have:
and finally for E 2192 we have: 
The first abrupt period change ∆P/P =(−2.04 ± 0.31)×10 −5 occurred at HJD 2446527±70;
while the second one ∆P/P =(+9.51 ± 0.06)×10 −5 occurred at HJD 2449745±100. The time interval between these two possible abrupt period changes was taken as 3218±105 days (or approximately 9 years). Such sudden period jumps could be caused by anisotropic mass ejections from one (or both) component(s) (e.g. Huang (1963)). Indeed, the RVs of Hα emission support such a high velocity ejecting gas from the active component (see Section 5), like a prominence in the solar atmosphere. However, as seen in Fig. 9a , the sudden period changes seem to have occurred in the pattern of one period increase and a subsequent decrease. This might be an indication of sinusoidal variations rather than abrupt period changes due to sudden mass ejections.
(
ii) Continuous period change and the light-time travel effect: A reasonable fit to the
O − C data is obtained by using a sinusoidal ephemeris with a quadratic term, as
where A s is the semi-amplitude, P s the period and T s the time of minimum. However, to
show the parabolic O −C change clearly, we recalculated O −C values by using the following light elements; Table 7 , and the best theoretical fit with the observational data is plotted in Fig. 9b .
According to the quadratic term given in Table 7 , the orbital period of CF Tuc is continuously decreasing at a very rapid rate of 1.11 ± 0.05 seconds per year. Table 7 . (d) A relative astrometric orbit of CF Tuc about a barycentre with a third body. The points represent Hipparcos astrometric data, while the solid curve corresponds to the astrometric solution given in Table 7 . 
where the mass ∆M is transferred from the mass-losing component to the gainer, the δM is the amount of mass lost from the system after co-rotating with the system up to the distance r A (i.e. Alfvén radius), and ∆P/P is the period change. Since CF Tuc is a detached system, in which the primary and secondary components are filling ∼ 52% and ∼ 89% of their lobes (see Section 6), a direct mass transfer between components is not expected. However, the secondary component is a magnetically active and larger star, which is not far from filling its Roche lobe, and then there could be weak coronal flow from this component to the primary component through the inner Lagrangian point. Therefore, the active component might have a strong stellar wind, which drives the mass loss and mass transfer in the system. The RVs of Hα emission support such a strong stellar wind, which reaches twice the larger distance than the radius of the active, subgiant component (see Section 5). If we assume that the transferred mass due to the wind from the secondary to the primary component and the corotating distance are 10 −11 M ⊙ /yr and 10R 2 , respectively, then Eq. (9) gives the mass loss rate of δM = 3.38 × 10 −7 M ⊙ /yr for the observed period change of ∆P/P = −4.57 × 10
yr −1 . It is worth mentioning that this mass loss rate is 10 times higher than the maximum value of the range between 10 −11 and 10 −8 M ⊙ /yr given by Hilditch (2001) for the mass losses due to winds from red-giant stars.
There are two plausible causes of the sinusoidal O − C variation: a light-time effect due to a third body in the system and a period modulation due to the magnetic activity cycle of one of the components. We shall investigate these suggested hypotheses in turn.
According to Table 7 , CF Tuc would have a circular orbit around the center of the mass of a three-body system and its period would be 17.87 ± 0.57 yr. The projected distance of the center of mass of the eclipsing binary to that of the three-body system would be 6.29 ± 0.31 AU. These values lead to a large mass function of f (M 3 ) = 0.78 ± 0.07 M ⊙ for the hypothetical third body. The mass of such a third body would then range from 9.63±0.29
• to 2.71 ± 0.13 M ⊙ for i 12 =90
• . Here the sum of masses was taken as M 1
If the third body were co-planar with the eclipsing pair, its mass and the radius r 3 of its orbit around the center of mass of the three-body system would be about 2.99 ± 0.13 M ⊙ and 4.93 AU, respectively. This value of r 3 is smaller than the radius of the orbit of Jupiter, however, it shows that the third body would revolve far beyond the outer Lagrangian points of CF Tuc, and its orbit should be stable. If we consider the distance of CF Tuc as 89 pc (see Table 8 ), the minimum projected angular separation between the third star and the eclipsing pair could be estimated as ∼ 71 mas.
The semi-amplitude of the radial velocity of the center of mass of the eclipsing pair, relative to that of the three-body system, is derived to be 10.5 km/s, which is a convenient value for modern spectroscopic observations to resolve reliably. The theoretical variation of the systemic velocity of CF Tuc, caused by the orbital motion around the common barycentre, is illustrated in Fig. 9c . There are three values of the systemic velocity observed at different epochs: 12.1±4.7 km/s (Collier et al. (1981) ), 0.5±1.6 km/s (Balona (1987) ), and 9.6±1 km/s (present study). Except for the first data point, the observed systemic velocities follow the long-term variation corresponding to the light-time orbit in Table 7 and are almost the same (within their standard erros) as the theoretical values. The velocity measurement by Collier et al. (1981) is affected by a relatively large error, which could be caused by the scatter of RV data points and the two year time span of their observations.
The astrometric method was also used to check the third body hypothesis. A similar procedure was applied by Ribas et al. (2002) for R CMa, by Bakış et al. (2005) and Bakış et al. the Hipparcos web page. In fact, the astrometric method gives support to the third body hypothesis on orbital period analyses of eclipsing binaries in two ways: one is to plot an orbit of the eclipsing binary about the barycentre of a three-body system and the other is to determine its orbital inclination (i 12 ). We followed the procedure applied by Budding et al.
(2009) for our target. In this procedure, an orbital model, which is derived from the orbital motion of the eclipsing binary around the barycentre of a three-body system, is convolved with the astrometric motion (parallax and proper motion). This model has 12 independent parameters: a 12 , e 12 , ω 12 , i 12 , P 12 , T 12 (periastron passage time), Ω 12 (seven for the orbital parameters), and α, δ, µ α , µ δ , Π (five for the astrometric components; equatorial coordinates + proper motion + parallax). Since the Hipparcos astrometric data cover only 1/6 part of the orbital period of the hypothetical three-body system, we could take only two parameters from the orbital parameters, i 12 and Ω 12 , together with five adjustable astrometric parameters. The final results are given in Table 7 and Fig. 9d . The orbital inclination of CF Tuc in the triple system is, i 12 , about 83
• and gives the mass of a third body as about 2.74 M ⊙ .
Unfortunately, since the time span of the Hipparcos observations is much shorter than the orbital period of the three-body system and is not the periastron passage of CF Tuc in the three-body orbit, the data, as shown in Fig. 9d , cover only a small part of the orbit.
An alternative way of explaining the O-C behavior would be Applegate's mechanism (Applegate (1992) ). According to this, the cyclic magnetic activity could produce orbital period modulations, which are observed in some eclipsing binaries, especially in RS CVn Applegate (1992) has also calculated a similar result for RS CVn itself. However, he could obtain a reasonable result for RS CVn using the following two approaches: one is that the active component has solid body rotation, in which Ω dr =0. The other is energy dissipation in the inner part of the star due to differential rotation and some storage of energy in the convection zone. This energy could be omitted from the luminosity variation. These two modifications lower the luminosity variation by a factor of 4 but we are still left with a large value of ∆L RM S =3.31 L ⊙ =0.85 L. Therefore, we conclude that the Applegate mechanism is not sufficient to explain the observed period changes.
RESULTS AND DISCUSSION
The new 24 high-resolutionéchelle spectra of CF Tuc were analysed and precise spectroscopic orbital elements were obtained by means of two techniques; cross-correlation and spectral disentangling. The KOREL program was applied to four spectral orders, which contain about 15 lines, and then reliable radial velocities of both components of the system were obtained. In the literature, there are two spectroscopic studies on CF Tuc: Collier et al. (1981) and Balona (1987) . Authors of the former obtained 31 spectra of the system between 1976 and 1978 and used H δ absorption and CaII H and K emission lines to derive radial velocities of both components. However, their data have a large standard error of 14 km/s, and their spectroscopic orbital elements were less accurate than these presented in this work. Balona (1987) gave radial velocity measurements of only the hotter component and its orbital solution.
Using the observed spectral lines with high precision (i.e. Na D2 line), we found the components of CF Tuc to be in synchronous rotation. In fact, the derived rotational velocity of this secondary star is puzzling, a point which was examined by Coates et al. (2000) .
They noted that there is a discrepancy between measurements of the rotational velocity of CAB star: CF Tuc 25 the secondary published in the literature (Budding and McLaughlin (1987) ; Anders et al. (1999) ; Donati et al. (1997) ). The rotational velocity of the primary (hotter component)
ranges from 25 to 30 km/s, which is similar within uncertainties, while that of the secondary component is 52 to 70 km/s, which corresponds to a rather large range of values in the secondary star radius, from 3 R ⊙ to 4.3 R ⊙ . Coates et al. (2000) used the measurements of Donati et al. (1997) and emphasized that the projected rotational velocity of the secondary should be ∼ 70 km/s from the derived absolute parameters of the system if the components rotated synchronously. metries were considered as maculation effects and interpreted using spot models on the secondary. Budding and Zeilik (1995) solved 25 light curves, mainly taken in broadband V and spanning a 16 year period, and modelled the spot activity of the secondary (cooler) component using their program (ILOT). They suggested that the spot luminosity has been decreasing over the 16 year period. Anders et al. (1999) solved 27 light curves of the system, taken between 1979 and 1996, and estimated the parameters of the spot placed on the secondary, especially the longitudes and radius of the spots. They suggested that there was a strong tendency for spots to appear in a narrow range of longitudes, just before the phase of primary minimum and just after secondary minimum. Anders et al. (1999) determined than in the 2007 BV light curves, the maculation wave begins to appear just after the phase of secondary minimum. Therefore, we used one dark spot on the secondary to solve these light curves. On the other hand, the Hipparcos light curve shows two distortion waves; the first one appears just after the secondary minimum like the 2007 light curves and the other is in the primary minima. Therefore, we introduced two dark spots on the secondary component to solve the Hipparcos light curve. Since the parameters obtained from the simultaneous solution of BV light and RV curves are more reliable, during the iterations of the Hipparcos The simultaneous solution of BV light and radial velocity curves allows us to calculate the absolute parameters of CF Tuc. The resulting parameters (with uncertainties) are given in Table 8 . As mentioned above, following Anders et al. (1999) and Budding and McLaughlin (1987) we adopted an effective temperature of about 6100 K for the primary component of the system. Anders et al. found it to be in good agreement with the value derived from the colour indices of Collier (1982) , and Budding and McLaughlin estimated it using the spectral type of the primary revised by Collier et al. (1982) . If the standard error of the photometric observations by Collier is taken as 0.01 mag, this corresponds to an uncertainty in the primary component's temperature of 200 K. On the other hand, the uncertainty in the temperature of the secondary component, 19 K, given in Table 6 , is the formal 1σ error coming from the WD simultaneous solution. The corrected uncertainty could be estimated as 219 K based on the uncertainty of 200 K in the effective temperature of the primary. In the calculations, the temperature, bolometric magnitude and bolometric correction of the Sun were taken as 5780 K, 4.75 mag and -0.14 mag, respectively. Bolometric corrections for the components of the system were taken from the tables of Zombeck (1990) . system. If such a third body were a main-sequence star, it would be a blue dwarf of a late-B spectral type. However, neither new high-resolution spectroscopic observations nor photometric analysis show any evidence to confirm the presence of such a star. Additionally, we could not expect such a young star as the binary system is much older. Therefore, the hypothetical third body must make a negligible optical contribution to the total light. With this mass, it could be either a massive neutron star (NS) or a black hole (BH). In the case of the companion being a compact object, the question is, can we see it, i.e. in X-rays? should give much higher X-ray emission, and an isolated NS would produce a termal X-ray emission of 40-100 keV (Trümper (2005) ). The progenitor of the NS must be a B-type star which evolves fast through the Main Sequence, within 100-500 million years, depending on the mass. The newborn NS would have a temperature of 10 7−8 K and could be detected in X-rays. However, assuming the triple system has been formed at the same time and not via a capture, the NS would have enough time to cool down to a much lower temperature.
According to the NS models, after 10 7 years, the NS temperature would be only 10 5 K.
The other possibility, if either a NS or a BH is the third component, could be the accretion luminosity when matter is being accreted onto this object. In fact, a black hole can be seen only through its accretion effects. Due to the large distance from the binary system to the companion (4.9AU), the only possibility for accretion would be through a stellar wind from the binary. Even though CF Tuc has the higher rate of stellar wind among CAB binaries, at the third body separation only a tiny fraction of mass lost by the active component could be accreted, as such accretion is much less efficient than that through the Lagrangian point.
We shall estimate the rate according to the formula given by Frank et al. (2002) . Taking δM = 3.38 × 10 −7 M ⊙ /yr, separation of 4.93 AU, mass of the accreting object to be 3 M ⊙ and derived radius and mass of the secondary star, we calculated the accretion luminosity to be about L acc = 3.4 × 10 34 erg/s. Such a value is comparable to the quiescent luminosities of NSXN and BHXN (Narayan et al. (2002) ) and quiescent low-mass X-ray binary transients (Lasota (2000) ). If the third companion is a NS with such a luminosity it should be observed in X-rays, unless the efficiency of the mass transfer to the primary is more efficient than we have assumed. If the companion is a BH, which has no surface, a significant fraction of mass could be lost below the event horizon, instead of being converted into hard photons. Also, if the accretion onto the BH is spherical and not through a bow shock, as considered above, it could be less efficient as well. However, the factors describing this efficiency are within a huge range, between 10 −8 to 10 −1 (Frank et al. (2002) , Shapiro (1974) , Shapiro (1973) , Petrich at al. (1989) ) and strongly model dependent (i.e. rotation of the BH, magnetic field, speed of the BH or the accreted material). Concerning the efficiency of the accreting matter being converted into photons, this factor could be in the same range. If the factors are in the lower end, then the existence of a BH as the third companion in CF Tuc in not impossible, though unlikely, as the possibility of its observation may fall below the detection limit and the light time effect would be the only evidence of its existence.
Another explanation of the orbital period sinusoidal variation could be the Applegate The last possibility, we can consider, would be a spurious sine term which may not repeat in the future. The observed light curves have strong asymmetries which can affect accuracy of the minima times determination. In some cases, these asymmetries are so large that secondary minima can not even be easily recognized. Therefore, some spurious O − C residuals may come from the asymmetries of the light curve. For instance, Budding and Zeilik (1995) found an approximate 6 year magnetic cycle, considering that these light curve asymmetries were caused by maculation effects. Therefore, we conclude that only future observations can reveal the true nature of the observed period changes. If they are caused by a companion BH, this will be the closest black hole to the Earth.
